Relative intensities are reported for 180 lines of Cu i between 2600 A and 7200 A, observed in a 10-ampere copper arc. Oscillator strengths, normalized as closely as possible to the absolute scale, are derived from the observations.
Introduction
The line intensities reported in the NBS Tables of Spectral-Line Intensities [1] * were observed in a 10-amp arc in air between copper electrodes containing one atom of an added element for every 1,000 atoms of copper. In order to reduce the original observations to a true scale of relative intensities, numerous lines in the first spectrum of copper were selected to serve as reference standards of intensity. The relative power radiated by these lines was measured by comparing the copper spectrum with the spectra from an incandescent ribbon-filament lamp operated at a known temperature and from a calibrated hydrogen-lamp continuum. The measurements were made by the standard methods of heterochromatic photographic photometry and are described in detail in the NBS Tables [1] and elsewhere by Meggers, Corliss, and Scribner [2] .
From 2 to 24 determinations were made on each of 207 lines of Cui between 2600 and 8100 A, with an average of about 9 determinations per line. A section of a typical plate is shown in figure 1 . pi,The spectrum of copper consists of sharp lines and diffuse lines. In this investigation the spectrograph slit was adjusted to a sufficient width to form flattopped images of the sharp lines. Intensities measured in the plateau of these images are propor- 1 Figures in brackets indicate the literature references at the end of this paper FIGURE 
Typical plate for the measurement of spectral-line intensities in copper.
Spectral range 3400 to 3850 A. Above, arc spectrum of copper through rotating stepped sector. Below, spectrum of standard ribbon-filament lamp through a mask at intervals of 50 A and with the same sector.
tional to the total intensities integrated over the widths of the lines. Measurements were not made on the diffuse lines.
Self-absorption in Strong Lines
The particle density of neutral copper atoms in the positive column of our 10-amp copper arc is about 10 15 cm~3 [3] . At this density the gas is optically thick at the wavelengths of the strong lines and they are affected by self-absorption, as shown in figure 2. In this figure, / is the intensity of a strong copper line measured in the copper arc and / 0 is the intensity of the same line measured on the same intensity scale in a similar arc between silver, electrodes to which one atom of copper was added for every 1000 atoms of silver. The copper lines in silver were measured relative to the intensities of lines of other elements also added to the silver and previously measured relative to copper lines in a copper arc. By this procedure we would expect copper lines that are free of absorption in the copper arc to be 1,000 times as strong in the copper arc as in the silver arc.
Inspection of figure 2 discloses that the ratio I/I o approaches 1,000 as / 0 diminishes. / 0 is actually the scale of intensity of the NBS Tables. This scale has a lower limit of the order of one. We may say then that copper lines too faint to appear in the NBS Tables will not be perceptibly affected by selfabsorption in the 10-amp copper arc in air. Of the 207 lines measured in the copper arc, 27 appear in the NBS Tables. The remaining 180 lines will be unaffected by self-absorption and it is for these lines only that we will derive oscillator strengths. Figure  2 is plotted for the 27 strong reference standard lines without regard to wavelength or excitation potential.
Derivation of Oscillator Strengths From Intensities
The following formula has been developed [4, 5] for deriving absolute ^/-values from the intensities in the NBS Tables of Spectral-Line Intensities:
where u is the partition function at 5100 °K for the atom or ion under consideration, N is the percent of the element in the neutral or ionized state, p is the persistence of the atom in the arc relative to copper, / is the intensity of the line on the scale used in the NBS Tables, E is the value of the upper energy level, k is Boltzmann's constant, and T is the effective temperature of the arc. The effective temperature of our copper arc has been determined to be 5100 °K [6] . For Cu i, u is 2.4, N is 93 percent, and p is of course unity. N is calculated from Sana's ionization equation in which the electron density is taken to be 2.4X10 u cm" 3 [3] . C is a normalization function, determined from absolute gf-values for 21 different elements in the NBS Tables, that adjusts the scale to an absolute basis. In the case of our copper lines, w e must divide this C (shown in figure 3 ) by 1,000 since the particle density of copper atoms is 1,000 times the density of the atoms for which the formula was developed, and the intensity scale is increased correspondingly. The drooping characteristic of this function at large values of E is caused by preferential excitation of lines from high levels close to the electrodes of the arc. Over 90 percent of our copper lines fall on this nonconstant portion of the function.
The results are given in table 1. In the columns are listed in the following order the intensity on the scale of the NBS Intensity Tables, the wavelength to two decimal places and the two energy levels to the nearest kayser taken from Shenstone [7] , $L4X10~8 sec" 1 , gf, and log gf. The transition probability, g n A, is related to g m f by Ladenburg's equation
where g n is (2*7+1) for the upper level, A is Einstein's transition probability of spontaneous emission, g m is (2J+1) for the lower level, and/is the absorption oscillator strength.
Accuracy of Results
No extensive intensity measurements have been reported heretofore for these lines. Allen and Asaad [8] have reported (//-values measured in a 3-amp copper arc and adjusted to an absolute scale, for 135 lines, of which about 80 are found in our list. A comparison of the two sets of values shows a systematic difference which is a function of E and reproduces our normalization function C. This discrepancy arises from the fact that Allen and Asaad used a constant normalization factor. The discrepancy is particularly severe because most of the lines originate above 50 kK, where the value of C is changing rapidly. If this discrepant factor is removed, there is a remaining constant difference; the Allen and Asaad log gf is 0.5 less than ours. The accuracy of the intensity measurements made in the copper arc is discussed in references [1] and [2] . Comparison of repeated determinations indicates that the standard deviation of an individual determination of the intensity of copper lines is about 2 or 3 percent.
The accuracy of the ^/-values derived from intensity measurements is discussed in references [4] and [5] . In the case of our copper lines, about 2/3 of them arise from levels between 70 and 80 kK above the ground state. For these lines the standard deviation in log gf that arises from the uncertainty in Tis about 0.18 (50 percent in gf) and the error due to the uncertainty in the intensity (0.01) is negligible. To estimate the absolute error in these high level lines we add again the error due to the uncertainty of T in the Boltzmann factor in Sana's equation (0.18) and the error introduced by the uncertainty in the value of the electron density in Sana's equation (0.17). Adding these as the square root of the sums of the squares we find the standard deviation of an individual determination of the absolute value of log gf is 0.3, or about a factor of 2 in gf.
The results in table 1 were calculated from the formulas in section 3 by W. R. Bozman using a modification of the program he developed for NBS Mono. 53 [4] .
